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WIRELESS COMMUNICATIONS 

5 The present invention relates to a method for establishing wireless communications 
between devices, and in particular to a Bluetooth piconet and a method of establishing a 
piconet between devices. 

Recent advances in technology are encouraging the adoption of wireless communications 
1 0 devices for a wide variety of applications. In particular, a short-range radio frequency (RF) 
technology known as Bluetooth holds much promise for enabling unassisted 
communication between low cost, portable devices. Bluetooth devices communicate in a 
master-slave fashion to form a localised network called a "piconet". In order to form a 
piconet with a master device, a slave device needs two pieces of information: the master's 
1 5 address, and the value of its internal clock offset. It obtains this information by a two step 
method. First, to find Bluetooth devices within range, a master device transmits an inquiry 
scan using a broadcast address. In response to the inquiry, each listening device within 
range transmits its address back to the master. This inquiry phase is quite slow and can 
take 10 seconds or longer. Once the master has a slave address, it can perform a page scan 
20 of a slave device, whereby the master transmits its address and clock offset to the slave 
device, enabling it to connect to the slave device and thereby establish a piconet with it 
The page scan is much faster than the inquiry scan and typically takes only ~ 1 second to 
complete. 

25 One of the limitations of Bluetooth is the relatively long time required to establish a 
piconet between devices. This time may be prohibitive for some applications, such as 
push-data services. Furthermore, Bluetooth does not provide a network management layer. 
It is desired to address these shortcomings, or at least provide a useful alternative. 



30 In accordance with the present invention, there is provided a method of establishing 
wireless communications, including: 
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storing at least one address for a wireless communications device in a mobile 
careless communications device without executing a scan for devices within range of the 
mobile device; and 

executing a link request from said mobile device using the address to establish a 
wireless communications link with a second wireless communications device. 

The present invention also provides a method of establishing a Bluetooth piconet between 
a first device and a second device including: 

storing the address of said second device in said first device without executing an 
10 inquiry scan; and 

executing a page scan from said first device using said address to establish a 
piconet with said second device. 



5 



15 



Advantageously, a number of addresses may be stored in said first device so that a 
number of other devices may be paged by said first device in order to establish a piconet 
between said first device and said other devices. 



Preferably, the master device includes a plurality of Bluetooth device addresses, and the 
method includes executing respective page scans on the basis of the addresses until a slave 
20 device responds. The scans preferably continue for unanswered addresses or for answered 
addresses for devices out of range. 

Advantageously, the addresses may be downloaded to the mobile device from a 
telecommunications network. Encryption keys may also be downloaded 

25 

Advantageously, the signalling channel of a telecommunications network may be used to 
manage Bluetooth devices by using the Bluetooth Host Control Interface. 



30 



The present invention also provides a Bluetooth network, including: 
at least one fixed Bluetooth device having an address; and. 
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30 



at least one mobile device storing said address and executing a page scan on the 
basis of the address to establish a link with the fixed device without executing an inquiry 
scan. 



: scans 



The address or addresses stored in the mobile device may be reusable, such that page : 
are executed using the address whenever a link is not established with a device having the 
address. The address may be downloaded or substituted using a signalling channel of a 
telecommunications network adapted to communicate with the mobile device. 

10 The present invention also provides a method of establishing a Bluetooth piconet between 
a first device and other devices, including: 

storing addresses of said other devices in said first device without executing an inquiry 
scan; and 

executing respective page scans from said first device using said addresses to establish 
1 5 a piconet with said other devices. 

The present invention also provides a method of establishing a Bluetooth piconet between 
a first device and a second device, including: 

storing at least two addresses in said first device without executing an inquiry scan; 
20 executing respective page scans from said first device using said addresses until said 
second device answers one of said scans; and 
establishing a piconet with said second device. 

The present invention also provides a method of establishing a Bluetooth piconet between 
25 a first device and at least one other device, including: 

storing at least one address of said at least one other device in said first device without 
executing an inquiry scan; and 

executing respective page scans from said first device using said at least one address to 
establish a piconet with said at least one other device. 



The present invention also provides a Bluetooth network, including: 
at least one fixed Bluetooth device having an address; and 



WO 02/25838 



PCT/AU01/01189 



-4- 

at least one mobile device having storage means for storing said address without 
transmitting an inquiry scan, and transmitting means for transmitting a page scan on the 
basis of the stored address to establish a link with the fixed device. 

5 The present invention also provides a Bluetooth network, including: 
at least one fixed Bluetooth device having a first address; and 

at least one mobile device having storage means for storing at least said first address 
without transmitting an inquiry scan, and transmitting means for transmitting respective 
page scans on the basis of the at least said first address to establish a link with the fixed 
10 device. 

The present invention also provides a Bluetooth network, including : 
at least one fixed Bluetooth device having a first address; 

at least one mobile device having storage means, transmitting means, receiving means and 
15 control means; 

and wherein the storage means stores said first address and at least one other address, and 
the control means is operable to cause the transmitting means to transmit a page scan for 
each address stored in the storage means; 

and wherein the control means is operable to establish a link with the fixed device when 
20 the receiving means receives from said fixed device a response to a page scan for said first 
address. 

Preferably, the address stored in the storage means is reusable, such that a page scan is 
executed using a stored address whenever a link is not established with a device having 
25 that address. 

The present invention also provides a method of establishing wireless communications 
using a protocol which uses a scan to determine an address of a device within range of a 
mobile device, including: 
30 storing at least one address for a wireless communications device in a mobile wireless 
communications device without executing a scan for devices within range of the mobile 
device; and 
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executing a link request from said mobile device using the address to establish a wireless 
communications link with a second wireless communications device. 

Preferred embodiments of the present invention are hereinafter described, by way of 
5 example only, with reference to the accompanying drawings, wherein: 

Figure 1 is a schematic diagram of the inquiry scan phase of a Bluetooth piconet; 
Figure 2 is a schematic diagram of the page scan phase of a Bluetooth piconet; 

10 Figure 3 is a block diagram of a preferred embodiment of a wireless network; and 

Figure 4 is a block diagram of a preferred embodiment of a wireless network using 
the signalling channel of a cellular network. 

Bluetooth devices are well known and each Bluetooth device normally includes a number 
15 of hardware components, including a receiver, a transmitter, storage memory and a central 
processing unit. Further information about Bluetooth devices and the hardware, software 
and communications protocols of the devices is provided on the official Bluetooth web site 
at http://www.bluetooth.com. including technical specifications for the devices. It is 
therefore unnecessary to describe in detail the hardware configurations of Bluetooth 
20 devices. 

Bluetooth devices communicate over a spread frequency spectrum using frequency 
hopping over 79 frequency channels with a 1 MHz spacing. Communication takes place by 
transmitting and receiving data while hopping through these channels in a pseudo-random 
25 order. In order for two Bluetooth devices to communicate in this manner, they must hop 
through the frequency spectrum in the same order and in phase. Each Bluetooth device is 
assigned a unique 48-bit IEEE 802 physical layer address which can be used to generate a 
particular hopping pattern. The current position within the hopping pattern is determined 
from a clock offset value and the physical layer address. 

30 

When Bluetooth devices are connected in the above manner, they are said to have formed a 
piconet The device whose hopping pattern and clock offset are used in a piconet is called 
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the master device. The prior ait method for forming a piconet begins when a Bluetooth 
device ('device A') 2 broadcasts an inquiry scan (using a reserved inquiry address) to 
locate available Bluetooth devices within transmission range, as shown in Figure 1. A 
second device ('device B') 4 can respond to the inquiry by sending its address ('address 
5 B') 1 0 and its clock offset ('clock B ') 12 to the first device 2. 

To complete the connection, as shown in Figure 2, the first device 2 issues a page scan to 
the second device 4 and sends its address 6 and clock offset 8. The second device 4 loads 
the received address 6 and clock offset 8 and enters into a connection state with the first 
10 device 2. The first device 2 is now said to be the master, and the second device 4 is said to 
be the slave. 

The page scan phase of establishing communication is approximately one order of 
magnitude faster than the initial inquiry phase that is used to determine the addresses of 
15 Bluetooth devices within range. Thus the total time taken to form a piconet is mostly the 
time taken to perform the inquiry scan phase. 

A piconet can be formed rapidly if the master device already knows the Bluetooth 
addresses of the devices to connect to, so that the slow inquiry phase is not required. In one 

20 embodiment of the present invention, Bluetooth addresses may be used by more than one 
device, provided that no master device is simultaneously within range of more than one 
device using a single address at the time that the master device transmits a page scan to 
that address. This can be ensured by assigning these addresses to immobile or fixed 
devices. Mobile devices acting as masters can be preloaded with a small set of these 

25 known, reused addresses, so that the mobile devices only have to perform page scans in 
order for the fixed devices to join or form a piconet with the mobile device. 

Figure 3 shows a network with four fixed Bluetooth devices or 'nodes' 21 to 24. The first 
node 21 and the third node 23 are out of communication range with each other, and both 
30 nodes have been assigned an identical, first address. Similarly, the second node 22 and the 
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fourth node 24 are out of communication range with each other, and both nodes have been 
assigned an identical, second address. 

A mobile Bluetooth device 26 with a third Bluetooth address is preloaded with the first 
5 address used by the first and third nodes 21, 23, and also the second address used by the 
second and fourth nodes 22, 24. The mobile device 26 attempts to communicate with the 
fixed nodes 21 to 24 by repeatedly performing page scans on the first address and the 
second address. When the mobile device 26 approaches the first node 21 and comes 
within communication range, the first node 21 receives the page scan directed to the first 
1 0 address, loads the address and clock offset of the mobile device 26, and thereby becomes a 
slave to the mobile master device 26. 

Once the first address is used in the piconet, the mobile device 26 no longer issues page 
scans to that address. However, page scans continue to be issued to the second address. As 

15 the mobile device 26 moves away from the first node 21 towards the second node 22, the 
second node 22 comes within communication range. The second node 22 receives the 
page scan directed to the second address and joins the piconet by becoming a second slave 
to the master device 26. The master device 26 no longer issues any page requests because 
all the stored addresses are in use by the piconet. Eventually, the master device 26 moves 

20 so far away from the first node 21 that communication with the first node 21 is lost. The 
first address is no longer used by the piconet, and the master device 26 resumes issuing 
page requests to the first address. Alternatively, the master device 26 may be configured to 
issue page requests only when the RF signal of the piconet becomes weak. This can occur 
when the value of the signal strength indicator of the master device 26 drops below a 

25 threshold signal strength, or by the magnitude of the bit error rate (BER). 

When the third node 23 is within range, the page scan for the first address is received by 
the third node 23, which thereby joins the piconet Hence the same first address is used to 
communicate between the mobile device 26 and the first node 21 when they are within 
30 communication range, and between the mobile device 26 and the third node 23 when they 
are within communication range. There is no conflict because, in this embodiment, the 
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mobile device 26 is never simultaneously within communication range of these immobile 
nodes. The same argument applies to the second address. More generally, a single address 
can be used by an arbitrarily large number of devices, provided that any master device 
(which does not use the reused address as its own address) is never simultaneously within 
5 range of two such devices when it issues a page scan to the reused address. This does not 
necessarily require the devices sharing the address to be fixed in space, but places 
restrictions on their relative locations. For convenience, they are referred to as fixed nodes. 

By using two shared or reused addresses (as described above), an arbitrarily large number 
10 of devices can communicate with a mobile master device (which does not use either of the 
two reused addresses) in such a way as to allow the mobile master device to always be in 
communication with at least one other node. Of course, if the fixed nodes are very far 
apart, the communication is not continuous, and a single address can be used for all fixed 
nodes. 

15 

The network of Figure 3 can be implemented by positioning the fixed devices 21 to 24 
accordingly and adjusting the control software of the master and slave devices 21 to 26 to 
have the unique and reused addresses, and execute the scans, as described above. 

20 Another embodiment of the present invention can be used if the Bluetooth devices are also 
able to communicate with a cellular communications network 46, as shown in Figure 4. 
The cellular network, being a CDMA, GSM or other wide area radio frequency 
communications network, uses signalling channels to configure and manage cellular 
communications devices, such as mobile phones. In this embodiment, these signalling 

25 channels are also used to manage Bluetooth piconets. Indeed, a signalling channel may be 
used to manage all aspects of the Bluetooth protocol stack via the Host Control Interface 
(HCI). A first mobile Bluetooth device 40 and a second mobile Bluetooth device 42 are 
both connected to the cellular communications network 46. The first device 40 has a first 
address ADDR1 and the second device has address ADDR2. A third, immobile or fixed 

30 Bluetooth device 44 with address ADDR3 is also connected to a communications network, 
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such as the cellular telecommunications network 46. All three devices are within range of 
each other for Bluetooth communications. 



The approximate physical location of the mobile devices 40, 42 is known to the cellular 
5 network 46 via the network's usual localisation capabilities. Even if a device is not 
capable of using the cellular network 46, but has recently connected to another device, 
such as the fixed device 44, it is assumed to be within range of the latter device. To 
connect the first device 40 to the second device 42 and the fixed device 44, the signalling 
channel of the cellular network 46 is used to change the properties of the Bluetooth 

10 protocol stack of the first device 40. The addresses ADDR2 and ADDR3 of the second 42 
and third 44 devices are transmitted to the first device 40 using the signalling channel. If 
secure, encrypted communication is desired, then encryption keys or PENs are transmitted 
via the signalling channel to each of the three devices. This of course requires all three 
devices 40 to 44 to be connected to the cellular network 46. The signalling channel is then 

15 used to instruct the second device 42 and the third device 44 to allow connections from the 
first device 40. An instruction is sent via the signalling channel to the first device 40, 
causing it to perform page scans to the second device 42 and the third device 44. A secure 
piconet has now been remotely and rapidly established between selected devices, without 
the need to perform inquiry scans. Once a Bluetooth connection is made, the 

20 telecommunications provider can then automatically initiate programs to be executed on a 
mobile device, according to preferences previously made by the user of the mobile device. 

In comparison to the first embodiment, the use of signalling channels to manage 
connections avoids the need to repeatedly perform energy consuming page scans. 

25 

To implement control of the Bluetooth devices using the cellular network, configuration 
changes are made to the network software as well as to the devices 40 to 44. 

Many modifications will be apparent to those skilled in the art without departing from the 
30 scope of the present invention as herein described with reference to the accompanying 
drawings. 
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CLAIMS: 

1. A method of establishing wireless communications, including: 

storing at least one address for a wireless communications device in a mobile wireless 
5 communications device without executing a scan for devices within range of the 
mobile device; and 

executing a link request from said mobile device using the address to establish a 
wireless commimications link with a second wireless communications device. 

10 2. A method of establishing a Bluetooth piconet between a first device and a second 
device, including: 

storing the address of said second device in said first device without executing an 
inquiry scan; and 

executing a page scan from said first device using said address to establish a piconet 
1 5 with said second device. 

3. A method of establishing a Bluetooth piconet between a first device and other devices, 
including: 

storing addresses of said other devices in said first device without executing an inquiry 
20 scan; and 

executing respective page scans from said first device using said addresses to establish 
a piconet with said other devices. 

4. A method of establishing a Bluetooth piconet between a first device and a second 
25 device, including: 

storing at least two addresses in said first device without executing an inquiry scan; 
executing respective page scans from said first device using said addresses until said 
second device answers one of said scans; and 
establishing a piconet with said second device. 

30 

5. A method as claimed in claim 4, including executing respective page scans from said 
first device using unanswered addresses and answered addresses of devices out of 
communication range with said first device. 
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6. A method as claimed in claim 4, including executing respective page scans from said 
first device using addresses not in use by said piconet. 

5 7. A method as claimed in claim 4, including executing respective page scans from said 
first device using said addresses based on a measure of the piconet signal strength. 

8. A method of establishing a Bluetooth piconet between a first device and at least one 
other device, including: 

1 0 storing at least one address of said at least one other device in said first device without 
• executing an inquiry scan; and 

executing respective page scans from said first device using said at least one address to 
establish a piconet with said at least one other device. 

15 9. A method as claimed in any one of claims 2, 4, 5, 6 and 7, wherein said first device is a 
mobile device, and said second device is a fixed device. 

10. A method as claimed in any one of claims 3 to 7, including downloading the addresses 
to the first device from a telecommunications network. 

20 

11. A method as claimed in any one of the preceding claims, including downloading 
encryption keys to said devices from a telecommunications network. 

12. A method as claimed in any one of claims 3 to 9, wherein said page scans are executed 
25 in response to an instruction from a telecommunications network. 

13. A method as claimed in any one of claims 3 to 9, including transmitting instructions 
from a telecommunications network to said second device to allow connections from 
said first device. 

30 
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14. A method as claimed in any one of claims 3 to 9, including transmitting instructions 
from a telecommunications network to said second device to execute programs on said 
first devices. 

5 15, A method as claimed in any one of the preceding claims, including managing said 
devices using a signalling channel of a telecommunications network and a host control 
interface. 

16. A Bluetooth network, including: 
1 0 at least one fixed Bluetooth device having an address; and 

at least one mobile device having storage means for storing said address without 
transmitting an inquiry scan, and transmitting means for transmitting a page scan on 
the basis of the stored address to establish a link with the fixed device. 

15 1 7. A Bluetooth network, including: 

at least one fixed Bluetooth device having a first address; and 

at least one mobile device having storage means for storing at least said first address 
without transmitting an inquiry scan, and transmitting means for transmitting 
respective page scans on the basis of the at least said first address to establish a link 
20 with the fixed device. 

18. A Bluetooth network, including : 

at least one fixed Bluetooth device having a first address; 

at least one mobile device having storage means, transmitting means, receiving means 
25 and control means; 

and wherein the storage means stores said first address and at least one other address, 
and the control means is operable to cause the transmitting means to transmit a page 
scan for each address stored in the storage means; 
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and wherein the control means is operable to establish a link with the fixed device 
when the receiving means receives from said fixed device a response to a page scan for 
said first address. 

5 19. A Bluetooth network as claimed in any one of claims 16 to 18, wherein the address 
stored in the storage means is reusable, such that a page scan is executed using a stored 
address whenever a link is not established with a device having that address. 

20. A Bluetooth network as claimed in any one of claims 16 to 18, wherein the address is 
10 downloaded using a signalling channel of a telecommunications network adapted to 

communicate with the mobile device. 

21 . A method as claimed in claim 7, wherein said measure includes the bit error rate. 

15 22. A method as claimed in claim 7, wherein, said measure includes a signal strength 
indicator value. 

23. A method of establishing wireless communications using a protocol which uses a scan 
to determine an address of a device within range of a mobile device, including: 
20 storing at least one address for a wireless communications device in a mobile wireless 
communications device without executing a scan for devices within range of the 
mobile device; and 

executing a link request from said mobile device using the address to establish a 
wireless communications link with a second wireless communications device. 

25 
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